fluorescence light orientation Paruroctonus utahensis scorpion sensory ultraviolet vision Scorpions are largely solitary, nocturnal arachnids that glow a bright cyan-green under UV light. The function of this fluorescence is a mystery. Previous studies of four species from three families have shown that scorpion lateral and medial eyes are maximally sensitive to green light (around 500 nm) and secondarily to UV (350e400 nm). Scorpions are negatively phototactic, and we used this behaviour to assay the responses of desert grassland scorpions, Paruroctonus utahensis, to 395 nm UV light, 505 nm cyan-green light, 565 nm green light and no light within small, circular arenas. Based on the eye sensitivity data, we predicted maximal response to 505 nm, followed by lower responses to 395 and 565 nm. In our experiments, however, scorpions responded most intensely (abrupt bouts of locomotory activity) to 395 nm and 505 nm. Next, we ran trials under 395 and 505 nm on scorpions with their eyes blocked. Scorpions with blocked eyes were much less likely to move under 505 nm than under 395 nm and were much less likely to move under 505 nm than were control animals (those without their eyes blocked). These results suggest an active role for fluorescence in scorpion light detection. Other studies indicate that photosensitive elements in scorpion tails are sensitive to green light. We therefore propose that the cuticle may function as a whole-body photon collector, transducing UV light to cyan-green before relaying this information to the central nervous system. Scorpions may use this information to detect shelter, as blocking any part of the cuticle could diminish the signal. Ó
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Scorpions are nocturnal arachnids whose cuticle fluoresces a brilliant cyan-green under ultraviolet (UV) light. Scorpion collectors have long used this unusual phenomenon to locate the animals at night (Honetschlager 1965) . Two cuticular molecules, beta-carboline and 4-methyl-7-hydroxycoumarin, account for the fluorescence (Stachel et al. 1999; Frost et al. 2001 ); however, a functional role for fluorescence has not been established.
There are many hypotheses about the role of scorpion fluorescence. One possibility is that the fluorescence serves no behavioural function and that the fluorescing chemicals are simply metabolic by-products (Wankhede 2004). A related idea is that fluorescence is a vestigial trait retained from ancient diurnal species (Frost et al. 2001 ). Another hypothesis is that the fluorescence serves as a prey lure; sand scorpions sit and wait on the surface or in the entrances of their burrows (Polis 1979 (Polis , 1980 , where insects and other potential prey could be visually drawn towards their fluorescence. A test of this hypothesis, however, suggested that insects actually avoid fluorescing scorpions (Kloock 2005 ). An untested idea is that fluorescence serves as an aposematic signal. Yet another hypothesis is that scorpion fluorescence aids in the recognition of conspecifics, especially during mate-finding behaviour or courtship rituals (Brownell 2001; Kloock 2008) . Along these lines, UV-induced fluorescence on female palps in jumping spiders, Cosmophasis umbratica, has been identified as an adaptation in mating rituals (Lim et al. 2007 ).
Some information exists on scorpion eye structure and function. Scorpions have well-developed eyes; their median eyes appear capable of image formation, and their lateral eyes can identify subtle changes in light magnitude. Both sets of eyes are highly sensitive to light and can putatively detect starlight against the background of the night sky (Schliwa & Fleissner 1980; Fleissner & Fleissner 2001) . Scorpion median eyes have a primary wavelength sensitivity peak and a secondary plateau (Machan 1968; Fleissner & Fleissner 2001 ). The plateau is in the UV range between 350 and 400 nm, where sensitivity is about 65% of maximum. The ocular sensitivity gradually increases to its maximum around 500 nm. The neurological response steadily drops with wavelengths longer than approximately 520 nm, and the response disappears at wavelengths around 640 nm. Furthermore, scorpions have metasomal elements that are also most sensitive to light in the green range (Zwicky 1968 (Zwicky , 1970a Rao & Rao 1973) . Interestingly, 395 nm UV light elicits the strongest fluorescence in scorpions, and desert scorpions fluoresce light with a wavelength of about 500 nm,
